Preparation of 1 cp , [Zn 2 (ndc) 2 (bpa)] n
To a 10 mL autoclave were added Zn(NO 3 ) 2 ·6H 2 O (30 mg, 0.1 mmol), H 2 ndc (22 mg, 0.1 mmol), bpa (18 mg, 0.1 mmol) and 3 mL of H 2 O (H 2 ndc = 1,4-naphthalene dicarboxylic acid and bpa = 1,2-bis-(4-pyridyl)ethane). The tube was sealed and heated in an oven to 180 °C for 3 days, and then cooled to ambient temperature at the rate of 5 °C h −1 to form colourless blocks of 1 cp , which were washed with water-ethanol and dried in air. Yield: 28 mg (72% yield based on Zn). Examination with TOPOS 1 reveals that 1 cp has a 2-nodal (2-c)3(6-c) periodic 3D net which is formed by 6-connected (6-c) Zn(COO) 4 N 2 -nodes and 2-connected (2-c) ndc and bpa linkers. The vertex symbol for the Zn-SBU, ndc, and bpa points are represented by Schläfli symbols, {8 12 .12 3 }, 2 , and 2 , respectively. (b) two-fold interpenetrated 3D nets of 1 cp . Further examination shows that 1 cp adopts a topology with the Schläfli symbol {8 12 .12 3 } 23 .
Thermogravimetric analysis (TGA)
Thermogravimetric analyses were carried out on a TA Instruments Q500 analyser. The instrument records weight loss as a function of temperature. Samples ranging in mass from 3 -5 mg were placed in an aluminium pan and heated from room temperature to 600 °C at a rate of 10 °C min -1 under N 2 flow of 50 mL min -1 . Data analysis was carried out using the Universal Analysis 2000 (TA Instruments, Version 4.5A) software. The thermogravimetric analysis (TGA) of 1 cp does not show any weight loss up to 350 °C and thereafter gradually decomposes into unidentified products (Fig. S4) . The plateau in the TGA profile is due to the absence of any solvent molecule in the structure. 
Powder X-ray Diffraction (PXRD)
Experiments were carried out on a PANalytical X'Pert PRO instrument with Bragg−Brentano geometry. Intensity data were recorded using an X'Celerator detector, and 2θ scans in the range of 5-40° were performed with a step size of 0.02° at a scan speed of 0.02 °/s. During the experiment the powdered sample was exposed to Cu Kα radiation (λ = 1.5418 Å). 1 cp was sealed within a glass capillary (environmental gas cell) and the capillary spinner configuration (with focusing mirror) of the instrument was used since this setup allows for very accurate temperature control using a short-nozzle Oxford Cryosystems Cryostream 700Plus cryostat. CO 2 gas was used to pressurise the sample, and its variable pressure PXRD patterns were measured at a constant temperature of 298 K. The PXRD pattern of the as-synthesized compound matches well with the simulated patterns obtained from single crystal X-ray diffraction data, suggesting phase purity of the as-synthesised compound (Fig. S5 ). 
Volumetric Sorption Analysis
A Setaram PCT Pro-E&E gas sorption analyser with a MicroDoser attachment was utilised to conduct high pressure gas sorption experiments with CO 2 , CH 4 and N 2 (99.99% gas purity) at 298 K. The instrument utilises Sievert's volumetric method. The sample temperature was maintained to an accuracy of ±1 °C using a Grant refrigerated recirculation bath filled with antifreeze and water. A sample at known pressure and volume was connected to a reservoir of known volume and pressure through an isolation valve. The valve was opened, and the system allowed to equilibrate. The difference between the measured and calculated pressures was used to determine the amount of gas adsorbed. National Institute of Standards and Technology (NIST) software was used to calculate the thermodynamic corrections to account for the non-ideal behaviour of the gases at relatively high pressures. Adsorbent samples weighing around 100-150 mg were placed in the sample tube and activated in situ under vacuum for 30 min. The dead volume of the sample cells was measured using helium gas with 99.99% purity. Blank runs for each gas were recorded to further correct for any other residual systematic errors in the experiment. Figure preparation and data analyses were performed using Microsoft Excel and OriginPro.
Pressure-Gradient Differential Scanning Calorimetry (PGDSC)
Experiments were carried out using a Setaram Micro-DSC7 Evo instrument. Heat flow was recorded at 298 K in the 1-52 bar pressure range of CO 2 gas. A freshly powdered sample of 1 cp was used for each experiment. For a given sample weight, the energies involved for each event were calculated by integrating the peak area (heat flow in mW versus time in seconds) using Originpro version 8.0 software.
Single-crystal X-ray Diffraction
Single crystal X-ray diffraction data were collected on a Bruker D8 Venture diffractometer equipped with a PHOTON II CPAD detector and an Oxford Cryostream 800Plus cryostat. A multilayer monochromator with Mo Kα radiation (λ = 0.71073 Å) from an Incoatec I μS microsource was used. Data reduction was carried out by means of standard procedures using the Bruker software package SAINT 2 and absorption corrections and the correction of other systematic errors were performed using SADABS. 3 The structures were solved by direct methods using SHELXT 4 and refined using SHELXL-2018.3. 5 X-Seed 6 was used as the graphical interface for the SHELX program suite. Hydrogen atoms were placed in calculated positions using riding models. Squeeze analysis for 1 lp using PLATON 7 shows 23.5 electrons per asymmetric unit (186 electrons per unit cell), which corresponds to one CO 2 molecule per asymmetric unit, or two CO 2 molecules per host formula unit. The occupancy of CO 2 molecules matches with the CO 2 sorption data at 50 bar.
In situ single-crystal X-ray diffraction
An in-house developed environmental gas cell was used to determine the crystal structures of the various phases at 298 K under controlled pressures. First, the structure of 1 cp was determined under reduced pressure (the capillary was evacuated prior to subsequent introduction of CO 2 ). The structure of 1 lp was determined after 1 cp was pressurised at 50 bar of CO 2 . The crystal was not directly pressurised to 50 bar, instead it was pressurised at 5 bar increments and allowed to equilibrate for 1 hr at each point. Finally, after achieving 50 bar CO 2 pressure in the stepwise increase, the crystal was allowed to equilibrate for 12 hrs. The structure of 1 cp was determined after decreasing the pressure from 50 bar to 23 bar in the same stepwise manner. Note that pressurisation/depressurisation was carried out on a manifold and not while the crystal was mounted on the diffractometer; for this reason the crystal glued to the glass fibre inside the capillary may appear to have moved in between experiments, as shown in Miller index ranges 
Computational Details (a) DFT calculations
In order to gain insight regarding the CO 2 adsorption nature for the two types of CO 2 dimers adsorbed inside the MOF 1 lp , we have used periodic density functional theory (periodic-DFT) based calculations. The optimal location of CO 2 molecules inside 1 x 1 x 1 cell of 1 lp and 1 np were determined using the QUICKSTEP module implemented in the CP2K 6.1 software package. 8 The valence electrons have been treated in a mixed basis set with an energy cutoff of 300 Ry and using molecularly optimised double-zeta single polarisation (DZVP) short range basis. The effect of core electrons and nuclei was considered by using norm-conserving pseudopotentials of Goedecker-Teter-Hutter (GTH). 9 The Perdew-Burke-Ernzerhof (PBE) 10 functional was used for electron exchange and correlation interactions and Grimme's DFT-D3 empirical van der Waals terms 11 were added to account for dispersion interactions. The atomic positions were optimised such that each component of force was less than 10 -4 a.u. The DFT optimised geometry and cell parameters for 1 lp and 1 np with the disorder removed are summarised in Table S5 . There is only ~2.2% maximum volume change with respect to the experimental cell parameters, which confirms the reliability of the DFT calculation. 
Here, , , and are the BE, energies of the MOF with Δ
adsorbed CO 2 , energy of the MOF and energy of an isolated CO 2 molecule, respectively. The energy of the isolated CO 2 molecule was calculated in the same simulation box size as that of the MOF. All the structures were visualised with Mercury, 13 The electron density difference maps (EDDMs) were plotted to account for the nature of interactions that CO 2 encounters with the carboxylate and aromatic C-H of the linker groups, and it was calculated using the relation:
where, is the electron density difference and are the ∆
electron densities for the total system and individual MOF and CO 2 , respectively. The plots are shown in Fig. S14 . We can clearly see the interaction between the carboxylate group of the paddlewheel SBU, as well as the C-H of the linker with the Type A and B CO 2 molecules in 1 lp from the density maps. In case of 1 np, the CO 2 molecules are farther apart (~8 Å) with negligible guest-guest interaction but the π-cloud of the CO 2 interacts very strongly with the CH 2 -CH 2 group and the carboxylate unit, thereby rationalizing the fact why it remains bound to the framework up to 23 bar during desorption (Table S6) . Monte Carlo module 24 of Materials Studio employing Lennard-Jones parameters from the DREIDING force field. 25 Hirshfeld charges 26 were derived from the periodic-DFT geometry optimizations. Atom-based summation was applied for van der Waals interactions to a cut-off distance of 18.5 Å using cubic spline truncation. Electrostatic interactions were handled using the Ewald summation technique with a precision of 1.0 × 10 -5 kcal mol -1 . 27 The geometry optimized 1 np and 1 lp frameworks were kept rigid during simulations with CO 2 as sorbate up to 50 bar. The simulation box consisted of one unit cell with periodic boundary conditions applied in all three dimensions. Simulations were carried out with 1 × 10 6 equilibration and 1 × 10 7 production steps, 24 where each step attempts to translate, rotate, insert, remove or relocate an adsorbate molecule with equal probability.
The simulated total uptake was converted to excess uptake for comparison to experimental results. The bulk density, , and pore volume of the framework, , is used to ( , ) calculate the amount of CO 2 that would be present in the pores of the framework without any adsorption taking place; that is, in the absence of any host-guest interactions. The bulk density of CO 2 was obtained from NIST. 28 The pore volume was determined using the Atoms Volume & Surfaces tool of the Materials Studio Visualizer employing a 1.6 Å probe radius as 980.22 and 174.83 Å 3 for 1 lp and 1 np , respectively. (des) ) CO 2 gas pressure. As mentioned above, apparent movement of the crystal is owing to unmounting and remounting the same crystal glued inside the gas cell.
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